per 



WORLD INTELLECTUAL PROPERTY ORGANI7J 
lniema:ional Burcnu 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) International Patent Classification 4 : 

A61K 37/02, 31/705, C07K 17/06 
C07H 15/24 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 89/ 03687 

5 May 1939 (05.05.89) 



(21) International Application Number: PCT/US8S/03697 

(22) International Filing Date: 21 October 1988 (21.10.88) 

(31) Priority Application Number: 1 12,801 

(32) Priority Date: 23 October 1987 (23.10.87) 

(33) Priority Country: US 



(60) Parent Application or Grant 

(63) Related by Continuation 

US 112,801 (CIP) 

Filed on 23 October 1987 (23.10.87) 



I (71) Applicant (for all designated States except US): GENET- 
j ICS INSTITUTE, INC. [US/US]; 87 CarabridgePark 



(72) Inventor; and 

(75) Inventor/Applicant (for US only) : BROWN, Eugene, L. 
[US/US]; 1388 Walnut Street, Newton Highlands, 
MA 02161 (US). 

(74) Agent: KAPINOS, Ellen, J.; Genetics [nstitute. Inc., 87 
CambridgePark Drive, Cambridge, MA 02140 (US). 

(81) Designated States: AT (European patent), AU, BE (Eu- 
ropean patent), CH (European patent), DE (Euro- 
pean patent), FR (European patent), GB (European 
patent), IT (European patent), JP, LU (European pa- 
tent). NL (European patent), SE (European patent), 
US. 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
— * claims and to be republished in the event of the receipt 

of amendments. 



(54) Title: COMPOSITION AND METHOD FOR TREATING CANCERS CHARACTERIZED BY OVER-EXPRES- 
SION OF THE C-FMS PROTO-ONCOGENE 

(57) Abstract 

A composition and method for treating cancers characterized by over-expression of the c-fms proto-oncogene/M- 
CSF receptor protein are provided. The composition involves an M-CSF polypeptide cross-linked to a cytotoxic agent 
capable of crossing into the cytoplasm of the cell bearing the receptor and killing the cell. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCTon the front pages of pamphlets publishing international appli- 
cations under the PCT. 



AT 


Austria 


FH 


France 


ML 


Mali 


AU 


Australia 


GA 


Gabon 


MR 


Mauritania 


BB 


Barbados 


GB 


United Kingdom 


MW 


Malawi 


BE 


Belgium 


HU 


Hungary 


NL 


Nethcrlinds 


BC 


Bulgaria 


rr 


Italy 


NO 


Norway 


BJ 


Benin 


jp 


Jipan 


RO 


Romania 


BS 


Braril 


KP 


Democratic People's Republic 


SD 


Sudan 


cr 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SN 


Senegal 


CH 


Switzerland 


LI 


Liechtenstein 


SL- 


Soviet Union 


CM 


Cameroon 


LK 


Sri Lanka 


ID 


Chad 


DE 


Germany, Federal Republic of 


LU 


Luxembourg 


TG 


Togo 


DK 


Denmark. 


MC 


Monaco 


US 


United Sutej of America 


n 


Finland 


MG 


Madagascar 







WO 89/03687 



PCT/US88/03697 



COMPOSITION AND METHOD FOR TREATING CANCERS 
CHARACTERIZED BY OVER-EXPRESSION OF THE C-FMS PROTO-ONCOGENE 

The present invention refers generally to the treatment 
of a variety of cancers characterized by the over-expression 
of the protein receptor, c-fms. More specifically, the 
invention refers to a composition for such treatment 
including the M-CSF polypeptide linked to a cytotoxic agent. 

BACKGROUND OF THE INVENTION 
A variety of oncogenes have been associated with 
specific cancers. The oncogene fins has cone under recent 

ovarian, renal, and possibly other carcinomas, including 
acute myelocytic leukemia (AML) . See, e.g., D. J. Slamon et 
al, Science , 22A=256-262 (1984); C. Walker et al, ?r0Ct Natl , 
Acad . Sci . , USA, : 1804-1808 (April 1987). See also, J. H. 
Ohyashiki et al, Cancer Genet. Cvtoaenet. , 21:341-350 (1987); 
H. D. Preisler et al , Cancer Research , 4J7:874-880 (Feb. 
1987); C. W. Rettenmier et al, J. Cell. Biochem. , 13:109-115 

( 1987); and R. Sacca et al , Proc . N atl. Acad. Sci . USA, 

82:3331-3335 (1986). The product of the c-fms proto-oncogene 
is believed to be related to, and possibly identical with, a 
receptor of macrophage colony-stimulating factor (M-CSF) . 
See, e.g., c. J. Sherr et al, Cell , 11:665-676 (1985); 

There remains a need in the treatment of such cancers 
for therapeutic products capable of destroying the carcinoma 
cells without severely adversely affecting the patient 
otherwise . 

BRIEF DESCRIPTION OF THE INVENTION 
As one aspect of the invention there is provided a 
composition for treating cancers which are characterized by 
high level expression of the c-fms proto-oncogene/M-CSF 
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receptor gene. The composition includes M-CSF polypeptide 
(or the active fragment thereof) crosslinked to a cytotoxic 
agent, which is capable of crossing the membrane of the cell 
bearing the c-f ras gene product/M-CSF receptor and acting in 
the cytoplasm to destroy the cell. Preferred cytotoxic 
agents include A and B chain toxins, A chain toxins and 
genetically engineered toxins. 

In a further embodiment the composition may comprise a 
monoclonal antibody (or a portion thereof) to c-fms gene 
product/M-CSF receptor conjugated to a cytotoxic agent. This 
monoclonal moiety recognizes and binds to the c-fms gene 
product/M-CSF receptor. Antibody conjugates for the delivery 
of compounds to target sites and methods for preparing the 
same are known in the art. See e.g. U.S. Patent 4,671,958. 

' ST?fTl J further aspect of the invention involves a 
method for making the M-CSF/cytotoxic agent composition. The 
M-CSF and toxin may be linked by employing one or more 
heterofunctional or bifunctional protein cross linkers or by 
genetic fusion. The bifunctional cross-linkers are chosen to 
ensure that the M-CSF/toxin composition is stable while the 
composition is honing to the target cell. At the same time 
the crosslinker has to permit the release of the toxin 
portion after the M-CSF/toxin composition has entered the 
cell. See, e.g. Molecular Action of Toxins and Viruses , P. 
Cohen and S. van Heyningen, eds., Elsevier, New York, pp51- 
105 (1982) . 

As another aspect there is disclosed a method for 
treating cancers characterized by an over-expression of the 
c-fms proto- oncogene/M-CSF receptor gene. This method 
involves regionally administering to the in vivo site of such 
a cancer, the composition of the invention, or, 
alternatively, administering the composition in an e_x vivo 
purging treatment of a mixture of cells. The composition 
acts by attaching to the c-fms protein on the carcinoma and 
delivering the toxin through the cell membrane, where the 
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toxin destroys the cell. Among such receptor over- 
expressing cancers are acute myelocytic leukemia, ovarian 
carcinoma, lung carcinoma, and those recited above. 

Other aspects and advantages of the present invention 
will be apparent upon consideration of the following detailed 
description of the invention, including illustrative examples 
of the practice thereof, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a DNA and amino acid sequence for an 
M-CSF polypeptide. 

DETAILED DESCRIPTION OF THE INVENTION 

The therapeutic composition of the invention is a 
^^i"^^ nU Pw(ffiF i ^{hi{jkt±8r<?flP^' ] " nf? hirHinf T to the c-fms 
proto-oncogene/M-CSF receptor gene - product on certain cancer 
cells, and a cytotoxic agent capable of being transported 
through the cell membrane and acting in the cytoplasm to 
destroy the cell. 

The M-CSF for use in the present invention may be 
recovered from natural sources and purified. (See e.g, UK 
Patent 2,016,477 and PCT published application WO86/04587). 
Alternatively, the M-CSF nay be produced recombinantly . One 
possible recombinant M-CSF polypeptide useful in the present 
invention has been described in PCT published application 
WO86/04607. Another M-CSF polypeptide is described in co- 
pending, co-owned US patent application SN940,362 and in G. 
G. Wong et al , Science , 235 : 1504-1508 (1987). The amino acid 
and DNA sequence of the M-CSF described therein is presented 
hereto in Fig. 1. Other forms of M-CSF bearing the active 
site thereof may also be employed in this composition, 
including synthetically produced polypeptides or polypeptides 
modified by recombinant means. 

The term "M-CSF" is herein defined as including the 
naturally occurring human polypeptide M-CSF and naturally- 
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occurring allelic variations of the polypeptide. Allelic 
variations are naturally-occurring base changes in the 
species population which may or may not result in an amino' 
acid change in a polypeptide or protein. Additionally 
included in this definition are both recombinant and 
synthetic versions of the polypeptide M-CSF, which may 
contain induced modifications in the peptide and DNA 
sequences thereof. 

For example, the M-CSF polypeptide in the composition of 
the present invention may be characterized by a peptide 
sequence the same as or substantially homologous to the amino 
acid sequence illustrated in Fig. 1. These sequences may be 
encoded by the DNA sequence depicted in Fig. 1 or sequences 
containing allelic variations in base or amino acid sequence 
or deliberately modified structures coding for polypeptides 
with M-CSF biological properties. 

Synthetic M-CSF proteins for use in the composition of 
the present invention may wholly or partially duplicate 
continuous sequences of the amino acid residues of Fig. l. 
These sequences, by. virtue of sharing structural and 
conformational characteristics with M-CSF polypeptides, e.g., 
the active site of the polypeptide of Fig. 1, may also 
possess M-CSF biological properties. Thus synthetic or 
recombinant polypeptides or fragments thereof may also be 
employed as biological or immunological equivalents for M-CSF 
polypeptides in the composition and methods of the present 
invention. 

M-CSF, as used in the present invention also includes 
factors encoded by sequences similar to Fig. 1, but into 
which modifications are naturally provided or deliberately 
engineered. Modifications in the peptide or sequence of 

M-CSF can be made by one skilled in the art using known 
techniques. Specific modifications of interest in the M-CSF 
related sequences may include the replacement of one or more 
of the nine cysteine residues in the coding sequence with 
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other amino acids. Preferably several cysteines in each 
sequence are replaced with another amino acid, e.g. serine, 
to eliminate the disulfide bridges at those points in the 
protein. For example, lysine at amino acid position 163 
(Fig. 1) could be deleted or substituted with another amino 
acid in order to eliminate the sensitivity of this region of 
M-CSF to trypsin-like proteases. Mutagenic techniques for 
such replacement are well known to one skilled in the art. 
[See, e.g., United States patent 4,518,584.] 

Other specific mutations of the sequence of M-CSF 
described herein involve modifications of one or more of the 
glycosy 1 at ion sites in the sequence. The absence of 
glycosylat ion or only partial glycosy 1 ation results from 
amino acid substitution or deletion at one, two, three or all 
of the asparagine-linked glycosylation recognition sites 
present in the sequence of M-CSF. The asparagine-linked 
glycosylation recognition sites comprise tripeptide sequences 
which are specifically recognized by appropriate cellular 
glycosylation enzymes. These tripeptide sequences are either 
asparagine-X-threonine or asparagine-X-serine , where X is 
usually any amino acid, A variety of amino acid 
substitutions or deletions at one or both of the first or 
third amino acid positions of a glycosylation recognition 
site (and/or amino acid deletion at the second position) 
results in non-giycosy lat ion at the modified tripeptide 
sequence. Modification and variation of the types of 
oligosaccharides which attach to the 0 or N-linked 
glycosylation sites can occur by production of the sequence 
in either mammalian, bacterial, yeast or insect cells. Such 
modifications in the proteins are also encompassed by the 
term M-CSF. 

Yet further modifications of M-CSF polypeptides may 
employ sequences which are designed for improved 
pharmacokinetics, by, e.g., association with polyethylene 
glycol. Alternatively, the last 25 to 35 amino acids of the 
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nature protein can be eliminated by appropriate gene deletion 
techniques to provide another form of M-CSF for use in the 



genetic fusion to a cytotoxic agent. Amino acid residues 464 
to 485 comprise a potential hydrophobic membrane- 
penetrating region. An M-CSF molecule that contains this 
sequence may desirably be employed in the composition of the 
invention, because these residues may embed the conjugate in 
the cell membrane, thereby aiding in the transfer of the 
cytotoxic agent into the cytosol. 

An exemplary DNA sequence for the production of various 
M-CSF peptides have been deposited with the American Type 
Culture Collection, 12301 Parklawn Drive, Roc)cville, MD. The 
cDNA sequence illustrated in Fig. 1 below in vector p3ACSF- 
69, included in E. coli HB101 has been deposited on April 16, 
1986 and given accession number ATCC 67092. This deposit was 
made under the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for the Purposes 
of Patent Procedure and the Regulations thereunder (Budapest 
Treaty) . 

The cytotoxic agent linked to the M-CSF polypeptide is 
preferably a toxin or chemical agent which is capable of 
acting in the cytoplasm. Toxins may be employed which have a 
translocation property to move it through the cell membrane 
and a cytolytic domain, which provides its killing ability. 
One preferable class of toxins well-suited for this 
composition consists of two functionally different parts, 
termed A and B, which are connected by a disulfide bond. The 
A chain portion contains the enzymatic activity that enters 
the cytosol and kills the cell. The B chain moiety is 
responsible for binding of the toxin to the cell and 
presumably contains a domain that aids the A chain in 
crossing the cell membrane. Exemplary toxins for such use 
include native or genetically engineered ricin, abrin, 
modeccin, viscunin, Pseudomonas aeruginosa exotoxin, 



present invention. 
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Diphtheria toxin, Cholera toxin, Shigella toxin and E_. coli 

heat labile toxin. The toxin portion of a conjugate prepared 
according to the invention can consist of the cytotoxic A 
chain portion only, the native holotoxin, or an engineered 
holotoxin, i.e., a toxin lacking its lectin binding property. 

Other toxins which have only a single chain (an A chain 
portion) may also be employed. Examples of these toxins are 
ribosome inactivating proteins, such as pokeweed antiviral 
protein and gelonin. See, L. Barbieri et al, Cancer Surveys , 
l.:489-52 0 (19 82 ) for a more complete list of ribosome 
inactivating proteins. 

Mutant toxins or genetically engineered toxins may also 
be employed. Additionally microbially produced cytotoxic 
agents, and other non-protein organic molecules may be used 
as cytotoxic agents. The M-CSF ligand can also be linked to 
cytotoxic drugs, such as anthracyclines , e.g., doxorubicin, 
daunomycin, and the vinca alkaloids, such as, vindesine, 
vinblastine, vincristine. Methotrexate and its derivatives 
may also be employed as cytotoxic agents. More effective 
agents are those in which many molecules (between 5 to 50) of 
the drug are linked to the M-CSF through a polymer carrier, 
e.g., dextran. Bonds linking the drug to the carrier should 
be cleavable by the chemical environment inside the cell. 

The M-CSF and a cytotoxic agent may be linked in a 
variety of ways. One way of linking these components is by 
employing one or more standard bifunctional protein 
crosslinkers, such as succinimidyl 3 - ( 2 - 
pyridy ldithio) propionate (SPDP) or succinimidyl acetyl- 
thiopropr iate (SATP) . These crosslinkers form stable 
disulfide bonds between the M-CSF and toxin, or other 
cytotoxic agent, and yet are capable of releasing the toxin 
portion of the composition inside the cell, due to cleavage 
of the disulfide bonds by chemicals inside the cell, e.g., 
intracellular glutathione. These linking methods are known 
to those skilled in the art. See, e.g., J. Carlsson et al, 
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Biochen. J., 173 :723-737 (1978) and N. Fujii et al, Chem, 
Pharm. Bull., 31:362-367 (1985). See also, A. J. Cumber et 
a1 / Methods Enzvmol . . 112:207-225 (1985) for other general 
methods for conjugating toxins to proteins. 

For example, one method according to the invention 
involves making a M-CSF-toxin composition, using a toxin 
having both and A and B chain. The method involves the steps 
of: 

(a) reacting the M-CSF with sufficient crosslinker to 
introduce between 1 to 6 reactive groups per molecule of H- 
CSF. A sufficient amount of crosslinker which can be used 
for this purpose is between approximately 6 to 50 moles of 
crosslinker per mole of M-CSF dimer. 

(b) reacting a toxic protein having A and B chain 
subunits. connected by at least one disulfide bond with a 
conventional reducing agent, thereby liberating the chains 
from each other . 

(c) reacting the derivitized M-CSF of step (a) with the 
liberated A chain subunit of the reduced toxin; and 

(d) separating from the reaction mixture conjugates 
comprising M-CSF linked by disulfide bonds to A chain 
subunits. 

One exemplary growth factor/toxin conjugate is prepared by 
this method, modifying M-CSF with SPDP, followed by 
conjugation of ricin A chain toxin via a disulfide bond. 

Another method for making the compositions of the 
present invention involves the following steps: 

(a) reacting the M-CSF with sufficient crosslinker to 
introduce between 1 to 6 reactive groups per molecule of M- 
CSF; 

(b) reacting the derivatized M-CSF of step (a) with a 
holotoxin having A and B subunits attached by at least one 
disulfide bond, the holotoxin being functionalized with a 
protein crosslinker which is preferably attached to the B 
subunit; and 



WO 89/03687 



PCT/US88/0369 



9 

(c) separating a conjugate formed by M-CSF becoming 
attached to the B subunit from free M-CSF and toxin in the 
reaction mixture. 

Another manner of linking the components of the 
composition of the present invention is by a genetic fusion 
method. See, for example, United States Patent 4,675,382. 

The compositions of the present invention containing 
both M-CSF and a toxin can be employed in methods for 
treating cancers characterized by over-expression of the c^ 
fms proto-oncogene/M-CSF receptor gene. Among such cancers 
are acute myelocytic leukemia, ovarian cancer, breast cancer, 
lung cancer, pancreatic cancer and renal cancer. The 
composition of the invention operates by the targeting of the 
c-fms proto-oncogene by the M-CSF portion of the composition. 
Once attached to this receptor, the M-CSF molecule aids in 
transporting the cytotoxic agent through the cell membrane 
and into the cytosol. Inside the cell, the bonds linking the 
cytotoxic agent to the M-CSF are cleaved by chemicals 
naturally within the cell and the agent is released to kill 
the cancer cell. 

The composition of the present invention can be 
administered in a variety of ways including systemically , 
locally or regionally. Desirably the composition is 
administered regionally i_n vivo , to the site of the 
carcinoma. For example, it can be administered 
intraperitonially , if desired, to contain its distribution to 
the peritoneum for use in treating a suitable cancer, e.g., 
ovarian cancers. Similarly for treating lung cancers, the 
composition could be delivered in the form of an inhalant. 
If desirable, the composition may be administered subcut- 
aneously, such as bathing effected tissue after surgical 
removal of a tumor e.g., for breast cancers. The composition 
may preferably be administered intravesically for instance 
into the bladder. Additionally, the composition can be 
employed in ex vivo applications, such as "purging" of a 
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fixture of cells removed from a patient, for patients having 
a systenic cancer which is not appropriate for regional 
application. The treatment of patients with acute myelocytic* 
leukemia, for example, could involve removal of bone marrow 
cells from the body. These cells are then treated outside 
the body with the composition of the present invention to 
destroy a subset of these cells which are overexpressing the 
c- fms pr ot o-oncogene . The "purged" cells are then 
reintroduced into the patient. The M-CSF/toxin composition 
of the invention can thereby serve as a purging agent to 
destroy the leukemic cells in the bone marrow of AML patients 
about to undergo autologous bone marrow transplantation. 
Other ex vivo purging treatments may also employ the 
composition of the invention. 

The therapeutic composition for use in this invention 
may be in the form of a pyrogen-f ree, parenterally acceptable 
aqueous solution. The preparation of such a parenterally 
acceptable protein solution, having due regard to pH, 
isotonicity, stability and the like, is within the skill of 
the art. 

The dosage regimen involved in treating the patient with 
the composition according to this invention will be 
determined by the attending physician considering various 
factors which modify the action of drugs, e.g. the m condition, 
body weight, sex and diet of the patient, the severity of any 
infection, time of adminis- tration and other clinical 
factors. Additionally, the mode of administration could 
effect the dosage, e.g., ex vivo or in vivo . Generally, the 
daily regimen should be in the range of 2 to 2 0 00 micrograms 
of polypeptide per kilogram of body weight. 

The following examples illustrate the production of the 
M-CSF polypeptide and the construction of an M-CSF/toxin 
conjugate of the present invention. 
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EXAMPLE 1 

Recombinant Production of M-CSF 

To express the recombinant M-CSF polypeptide by 
recombinant means, the DNA encoding the polypeptide is 
transferred into an appropriate expression vector and 
introduced into selected host cells by conventional genetic 
engineering techniques. 

Mammalian cell expression vectors for production of M- 
CSF, such as p3ACSF-69, may be synthesized by techniques well 
known to those skilled in this art. The components of the 
vectors, e.g. replicons, selection genes, enhancers, 
promoters, and the like, may be obtained from natural sources 
or synthesized by known procedures. See, Kaufman et al, L 
Mol . Biol . , 159 : 511-521 (1982); and Kaufman, Proc. Natl. 
Acad. Scl. . U.S.A. , £2: 689-693 (1985). Suitable cells or 
cell lines for the expression of these recombinant M-CSF 
proteins may be Chinese hamster ovary cells (CHO) , monkey 
COS-1 cells or CV-1 cells. The selection cf suitable 
mammalian host cells and methods for transformation, 
culture, amplification, screening and product production and 
purification are known in the art. See, e.g., Gething and 
sambrook, Nature , 293 : 62Q-625 (1981), or alternatively, 
Kaufman et al , Mol. Cell. Biol. , 5 (7 ): 1750-1759 (1985) or 
Howley et al , U.S. Patent 4 , 419 , 446. Other exemplary 
mammalian host cells include particularly primate cell lines 
and rodent cell lines, including transformed cell lines. 
Normal diploid cells, cell strains derived from in vitro 
culture of primary tissue, as well as primary explants, are 
also suitable. Candidate cells need not be genotypically 
deficient in the selection gene so long as the selection gene 
is dominantly acting. For stable integration of the vector 
DNA, and for subsequent amplification of the integrated 
vector DNA, both by conventional methods, CKO cells may be 
employed. Other suitable mammalian cell lines include but 
are not limited to, HeLa, mouse L-929 cells, 3T3 lines 
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derived from Swiss, Balb-c or NIH nice, BHK or HaK hamster 
cell lines. 

Stable transf ormants are then screened for expression of 
the product by standard immunological or enzymatic assays. 
The presence of the DNA encoding the variant proteins may be 
detected by standard procedures such as Southern blotting. 
Transient expression of the DNA encoding the variants during 
the several days after introduction of the expression vector 
DN"A into suitable host cells such as COS-1 monkey cells is 
measured without selection by activity or immunologic assay 
of the proteins in the culture medium. The transformation of 
these vectors into appropriate host cells can result in 
expression of the M-CSF. 

Similarly, one skilled in the art could manipulate the 
sequence of Fig.. 1 by eliminating or replacing the mammalian 
regulatory sequences flanking the coding sequence with 
bacterial sequences to create bacterial vectors for 
intracellular or extracellular expression of M-CSF by 
bacterial cells. The DNA encoding the factor may be further 
modified to contain different codons for bacterial expression 
as is known in the art. Preferably the sequence is 
operatively linked in-frame to a nucleotide sequence encoding 
a secretory leader polypeptide permitting bacterial 
expression, secretion and processing of the mature variant 
protein, also as is known in the art. The compounds 
expressed in bacterial host cells may then be recovered, 
purified, and/or characterized with respect to 
physicochemical , biochemical and/or clinical parameters, all 
by known methods. For example, the M-CSF coding sequence 
could be inserted into a known bacterial vector using 
procedures such as described in T. Taniguchi et al., Proc . 
Natl Acad. Sci. USA , 72:5230-5233 (1980). This exemplary 
bacterial vector could then be transformed into bacterial 
host cells and the factor expressed thereby. The various 
strains of E. coli (e.g., HB101, MC1061) are well-known as 
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host cells in the field of biotechnology. Various strains of 
3. subtilis , Pseudomonas , other bacilli and the like nay also 
be employed in this method. For a strategy for producing 
extracellular expression of such factors in bacterial cells, 
see, e.g. European patent application EPA 177,343. 

Similar manipulations can be performed for the con- 
struction of an insect vector [See, e.g., procedures 
described in published European patent application 155,476] 
for expression in insect cells. See, e.g. Miller et al , 
Genetic Engineering , 8:277-296 (Plenum Press 1986) and 
references cited therein. 

A yeast vector could also be constructed employing yeast 
regulatory sequences for intracellular or extracellular 
expression of M-CSF by yeast cells. Many strains of yeast 
cells known to those skilled in the art are also available as 
host cells for expression of the polypeptides useful in the 
invention. [See, e.g., procedures described in published PCT 
application WO 86 00639 and European patent application EP 
123, 289 . ] 



EXAMPLE 2 

An n-csr Toxin Cpnivqat? 

For construction of an M-CSF toxin conjugate according 
to the invention, the growth factor M-CSF was produced in 
mammalian cells as described in pending U. S. patent 
SN940,362, the disclosures of which are incorporated by 
reference herein,*' and G. G. Wong et al , Science, 235 supra . 
M-CSF (5 mg, 55 nmoles) in C . 1M NaHC0 3 (20 ml) was reacted 
with a 20-fold molar excess of SPDP in ethanol . The reaction 
was allowed to proceed for five hours at 4 degrees Celsius to 
introduce approximately four to six sulfhydryl groups per 
molecule of M-CSF dimer. After removal of excess SPDP the 
derivatized growth factor was reacted with ricin A (15 mg, 
500 nmoles), obtained from a commercial source, in 50mM 
NaH 2 P0 4 p. 117.5/OIM NaCL. The disulfide bond was allowed 
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to form overnight at 4 degrees Celsius. The resulting M-CSF- 
ricin A chain conjugate was separated from excess ricin A 
chain by gel filtration on a Sepherogel™ TSK-3000 high 
pressure liquid chromatography column to give a mixture of 
conjugate and M-CSF (7.5 mg) . After two passages through a 
column of Blue Sepharose developed with a gradient of NaCl, 
as described by P. P. Knowles and P. E. Thorpe, Anal . 
Biochem. r 160 : 440-443 (1987), the conjugate (720 ng) was 
obtained in a form free of M-CSF and consisted mainly of a 
species with one ricin A chain per M-CSF dimer, 

EXAMPLE 3 

In Vitro Cytotox icity of K-CSF Toxin Conjugate 

A level of toxicity and specificity for the M-CSF/ricin 
A chain conjugate was determined in a standard soft agar, 
clonogenic assay in a manner similar to that described by 
Strong et al, Blood , 65 : 627-635 (1985) with the NIH 3T3 and 
NIK 3T3-c-fms cell lines. The latter line which has been 
described by M. F . Roussel et al, Nature . 325 : 549-552 
(1987), is M-CSF receptor positive. Each cell line was mixed 
with either conjugate or medium without conjugate (control) 
in agarose and thin layered into Petri dishes. After 
incubation at 37°C in standard C0 2 atmosphere ' for a period of 
14 days, the number of colonies in each dish was counted 
visually. The NIH 3T3-c-fms cells control dishes which did 
not receive the conjugate showed 103 colonies per dish while 
the same cells treated with conjugate at a concentration of 4 
X 10~ 8 M gave only 3 colonies. The NIH 3T3 cells, treated 
with conjugate and untreated control cells mixed with medium 
gave 76 and 78 colonies per dish, respectively. 

EXAMPLE 4 

Ex Vivo Assay of M-CSF Toxin Conjugate 

The efficacy of the M-CSF/ricin A chain conjugate for ex 
vivo bone marrow purging is tested in a manner analogous to 
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that described by Strong et al, supra , HI myeloid leukemic 
cells (10 3 ) which nay be obtained from the Ar.erican Type 
Culture Collection, Rockville, Maryland, (ATCC TIB 192) are 
added to murine bone marrow cells (10 5 ) and then treated with 
the M-CSF/ricin A conjugate in the ID" 7 - 10" 12 M range for 
approximately 4 hours at 37C. The percent survival of the 
leukemic cells as well as the monopotent and pluripotent bone 
marrow progenitor cells is determined with a standard colony 
formation assay, T.R. Bradley and D. Metcalf, Aust. J. Exp. 
Biol . Med. Sci. , 44 : 287 (1966) to measure the efficacy and 
specificity, respectively. 

Numerous modifications may be made by one skilled in the 
art to the methods and components of the present invention in 
view of the disclosure herein. Such modifications are 
believed to be encompassed in the appended claims. 
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WHAT IS CLAIMED IS: 

1. A therapeutic composition for treating carcinoma 
characterized by over-expression of the c- f ms proto- 
oncogene/M-CSF receptor gene comprising a M-CSF polypeptide 
conjugated to a cytotoxic agent and pharmaceutical carrier 
therefor. 

2. The composition according to Claim 1, wherein said 
cytotoxic agent is a toxin selected from the group comprising 
double-chain ricin, ricin A chain, abrin, abrin A chain, 
modeccin and modeccin A chain, Pseudomonas aeruginosa 
exotoxin, Cholera toxin, Shigella toxin, E. coli heat labile 
toxin and Diphtheria toxin, mutant toxins thereof, and 
recombinant versions thereof. 

3. The composition according to claim 1 wherein said 
cytotoxic agent is selected from the group consisting of 
ribosome-inact ivat ing proteins, pokeweed antiviral protein 
and gelonin, mutant toxins thereof, and recombinant versions 
thereof. 

4. The composition according to claim 1 wherein said 
cytotoxic agent is selected from the group consisting of 
anthracycl ines , doxorubicin, daunomycin, vinca alkaloids, 
vindesine, vinblastine, vincristine, methotrexate and 
derivatives thereof . 

5. The composition according to claim 1 where said M-CSF 
polypeptide is conjugated to said cytotoxic agent by a 
heterof unctional protein cross linking agent. 

6. The composition according to claim 5 where said cross 
linking agent is selected from the group consisting of 
succinimidyl 3 - ( 2-pyridyldithio) propionate) or succinimidyl 
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acetylthiopropriate . 

7. The composition according to claim 1 comprising M-CSF 
conjugated through S?D? to a full ricin molecule. 

8. A method for treating cancers characterized by an 
overexpression of the c-fms proto-oncogene/M-CSF receptor 
protein, comprising regionally administering jji vivo to the 
site of said cancer a composition comprising M-CSF linked to 
a cytotoxic agent capable of crossing the membrane of the 
cell bearing said receptor and entering and killing the cell. 

9. A method for treating cancers characterized by an 
overexpression of the c-fms proto-oncogene/M-CSF receptor 
protein, comprising e^c vivo purging of a mixture of cells 
removed from a patient, said mixture containing said cancer 
cells, with a composition comprising M-CSF linked to a 
cytotoxic agent capable of crossing the membrane of the cell 
bearing said receptor and entering and killing the cancer 
cells . 

10. A composition for treating carcinoma characterized by 
over-expression of c-fms proto-oncogene/M-CSF receptor gene 
comprising a monoclonal antibody to c-fms gene product/M-CSF 
receptor said monoclonal antibody conjugated to a cytotoxic 
agent and pharmaceutical carrier therefor. 
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10 20 30 40 50 60 70 

CCTCGCTCCT CTOGGOGCCA GAGCOGCICT CXXX^TOXA GGACAGOGGT CCCGCCCTCG GOOCGCGCGC 

80 90 100 110 120 130 140 

CCACICOGCA GCAGOCAGCG AGOGAGOGAG OGAGOGAGGG OQGOOG&GGC GQOOGGCCEG GACOCAGCIG 



(-32) 160 175 150 

OOCUT ATG ACC GOG COG GGC GOC GOC GGG CGC TCC CCI OCC AOG ACA TGG CTG 
MET Ihr Ala Pro Gly Ala Ala Gly Arg Cys Pro Pro Thr Thr Trp Leu 

205 220 235 (1) 

GGC TCC CTC CTG TIG TIG GTC TCP CTC CTG GOG AGC AGG AGT ATC ACC GAG GAG 
Gly Ser Leu leu leu Leu Val Cys leu leu Ala Ser Arg Ser lie Ihr Glu Glu 

250 265 280 295 

GIG TOG GAG TAC TGT AGC CAC ATG ATT GGG ACT GGA CAC CIG CAG TCT CIG CAG 

Val Ser Glu Tyr Cys Ser His MET lie Gly Ser Gly His Leu Gin Ser leu Gin 

310 325 340 355 

CGG CIG ATT GAC AGT CAG ATC GAG AOC TOG TCC CAA ATT ACA TTT GAG TIT GTA 
Arg Leu lie Asp Ser Gin MIT Glu Ihr Ser Cys Gin lie Ihr Fhe Glu Fhe Val 

370 385 400 

GAC CAG GAA CAG TIG AAA GAT CCA GTC TCC TAC CTT AAG AAG GCA TIT CTC CTC 
Asp Gin Glu Gin Leu lys Asp Pro Val Cys Tyr Leu lys lys Ala Phe Leu Leu 

415 430 445 460 

GrlA CAA GAC ATA ATG GAG GAC ADC ATC OGC TTC PGk GAT AAC ACC CCC AAT GOC 
Val Gin Asp lie MET Glu Asp Thr MET Arg Hie Arg Asp Asn Ihr Pro Asn Ala 

475 490 505 

ATC GOC ATT GTG CAG CIG CAG GAA CTC TCT TTG AGG CIG AAG AGC TCC TTC ACC 
lie Ala lie Val Gin Leu Gin Glu Leu Ser Leu Arg Leu Lys Ser Cys Phe Thr 

520 535 550 565 

AAG GAT TAT GAA GAG CAT GAC AAG GOC TCC GTC CGA ACT TTC TAT GAG ACA OCT 

lys Asp Tyr Glu Glu His Asp lys Ala Cys Val Arg Thr Jhe Tyr Glu Thr Pro 

580 595 (122)610 625 

CTC CAG TTG CTC GAG AAG GTC AAG AAT GTC TTT AAT GAA ACA AAG AAT CTC CTT 
Leu Gin leu Leu Glu Lys Val Lys Asn Val Fhe Asn Glu Thr Lys Asn Leu Leu 



640 655 670 

GAC AAG GAC TCG AAT ATT TTC AGC AAG AAC TCC AAC AAC AGC TTT GCT GAA TCC 
Asp Lys Asp Trp Asn lie Fhe Ser lys Asn Cys Asn Asn Ser Hie Ala Glu Cys 
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685 700 715 730 

TCC AGC CAA GAT GTG GIG AOC AAG OCT GAT TCC AAC TCC CTC TAC OCC AAA GOC 
Ser Ser Gin Asp Val Val Thr Lys Pro Asp Cys Asn Cys Leu Tyr Pro Lys Ala 

745 760 775 

ATC OCT AGC ACT GAC OCG GOC TUT CTC TOC OCT CAT CAG CCC CTC GOC OOC TCC 
He Rno Ser Ser Asp Pro Ala Ser Val Ser Pro His Gin Pro Leu Ala Pro Ser 

790 805(189) 820 835 

ATC GOC OCT GTG OCT GGC TIG AOC TOG GAG GAC TOT GAG GGA ACT GAG GGC AGC 

MET Ala Pro Val Ala Gly Leu Hir Trp Glu Asp Ser Glu Gly Uir Glu Gly Ser 

850 665 880 895 

TOC CTC TTC OCT GGT GAG GAG CCC CIG CAC ACA GIG GAT OCA GGC ACT GOC AAG 
Ser Leu Leu Pro Gly Glu Gin Pro Leu His Thr Val Asp Pro Gly Ser Ala lys 

910 925 940 

C2G CGG CCA COC AGG AGC AOC TCC GAG AGC TTT GAG COG OCA GAG AOC OCA GIT 
Gin Arg Pro Pro Arg Ser Thr Cys Gin Ser Roe Glu Pro Pro Glu Thr Pro Val 

955 970 985 1000 

CTC AAG GAC AGC AOC ATC GCT GGC TCA OCA CAG OCT CGC OCC TCP CTC GGG GOC 
Val lys Asp Ser Thr He Gly Gly Ser Pro Gin Pro Arg Pro Ser Val Gly Ala 

1015 1030 1045 

TTC AAC OCC GGG ATC GAG GAT ATT CTT GAC TOT GCA ATC GGC ACT AAT TOG GTC 
Fhe Asn Pro Gly MET Glu Asp He Leu Asp Ser Ala MET Gly Thr Asn Trp Val 

1060 1075 1090 1105 

CCA GAA GAA GOC TOT GGA GAG GOC ACT GAG ATI CCC GTA COC CAA GGG ACA GAG 

Pro Glu Glu Ala Ser Gly Glu Ala Ser Glu He Pro Val Pro Gin Gly Thr Glu 

1120 1135 1150 1165 

CTT TCC CCC TCC AGG OCA GGA GGG GGC AGC ATC CAG ACA GAG OCC GOC AGA COC 
Leu Ser Pro Ser Arg Pro Gly Gly Gly Ser MET Gin Thr Glu Pro Ala Arg Pro 

1180 1195 1210 

AGC AAC TTC CTC TCA GCA TCT TCP CCA CTC OCT GCA TCA GCA AAG GGC CAA CAG 
Ser Asn Fte Leu Ser Ala Ser Ser Pro Leu Pro Ala Ser Ala lys Gly Gin Gin 

1225 1240 1255 1270 

COG GCA GAT GIA ACT GCT ACA GCC TTC CCC AGG GIG GGC OOC GTC AGG CCC ACT 
Pro Ala Asp Val Thr Gly Thr Ala Leu Pro Arg Val Gly Pro Val Arg Pro Thr 



1285 1300 1315 

GGC OG GAC TCG AAT CAC ACC OOC OG AAG ACA GAC CAT OCA TCT GOC CTC CTC 
Gly Gin Asp Trp Asn His Thr Pro Gin Lys Thr Asp His Pro Ser Ala Leu Leu 
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1330 1345 1360 1375 

AGA GAC CCC COG GAG CCA GGC TCT CCC AGG ATC TCA TCA CIG QGC CCC CAG GGC 

Arg Asp Pro Pro Glu Pro Gly Ser Pro Arg He Ser Ser Leu Arg Pro Gin Gly 

1390 1405 1420 1435 

CTC AGC AAC OCC TOC ADC CTC TCT GCT CAG CCA CAG CTT TCC AGA AGC CAC TCC 
Lsu Ser Asn Pro Ser Thr Leu Ser Ala Gin Pro Gin I^u Ser Arg Ser His Ser 

1450 1465 1480 

TOG GGC AGC GIG CTG CCC CTT GGG GAG CIG GAG GGC AGG AGG AGC ACC AGG GAT 
Ser Gly Ser Val Leu Pro Lai Gly Glu Leu Glu Gly Arg Arg Ser Thr Arg Asp 

1495 1510 1525 1540 

CGG AGG AGC CCC GCA GAG CCA GAA GGA GGA CCA GCA ACT GAA GGG GCA GOC AGG 
Arg Arg Ser Pro Ala Glu Pro Glu Gly Gly Pro Ala Ser Glu Gly Ala Ala Arg 

1555 1570 1585 

COC CIG CCC CGT TIT AAC TOC CTT OCT TIG ACT GAC ACA GGC CAT GAG AGG CAG 
Pro Leu Pro Arg Kie Asn Ser Veil Pro Leu Shr Asp Thr Gly His Glu Arg Gin 

1600 1615 1630 ' 1645 

TOC GAG GGA TOC TOC AGC COG CAG CTC CAG GAG TCT GTC TTC CAC CIG CIG GIG 

Ser Glu Gly Ser Ser Ser Pro Gin Leu Gin Glu Ser Val Rie His Leu Lsu Val 

1660 1675 1690 1705 

CCC ACT GTC ATC CIG GTC TIG CTG GCT GTC GGA GGC CTC TIG TIC TAC AGG TGG 
Pro Ser Val lie Leu Val leu Lsu Ala Val Gly Gly Leu Leu Hie Tyr Arg Trp 

1720 1735 1750 

AGG CGG OGG AGC CAT CAA GAG OCT CAG AGA GOG GAT TCT COC TIG GAG CAA CCA 
Arg Arg Arg Ser His Gin Glu Pro Gin Arg Ala Asp Ser Pro Leu Glu Gin Pro 

1765 1780 1795 1817 

GAG GGC AGC COC CIG ACT CAG GAT GAC AGA CAG GIG GAA CIG CCA GIG TAGAGGGAAT 
Glu Gly Ser Pro Leu Thr Gin Asp Asp Arg Gin Val Glu Leu Pro Val 

1827 1837 1847 1857 1867 1877 1887 

TCTAAGCIGG AOXaCAGAA OCTCTCTOC GIGGGAGGAG ACATTATOGG GCCTCCACCA CCAOXCTCC 



1897 1907 1917 1927 1937 1947 1957 

CIGGCCATOC TCCIGGAATG TGGTCIGOOC TOCAOCfiGAG CTCCIGCCIG CCAGGACIGG ACCAGAGCAG 



1967 1977 1987 1997 2007 2017 2027 

CCAGGCIGGG GCOCCTCICT CTCAACCOGC AGAOOdTGA CIGAATGAGA GAGGCCAGAG GATCCTOCCC 
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Figure 1 (Can't) 

2037 2047 2057 2067 2077 2087 2097 

A2^TIGCCAC TATTTAITCT GAGCCCIGGA GGCTCCCATC TGCTIGAGGA AGGCTCGTGA GCCXXPGCTCA 



2107 2117 2127 2137 2147 2157 2167 

cx^aocctctt ogctgagggg cigcajxctc ctctcactcc cttccaigoc ggaacocagg cxsgggaccc 

2177 2187 2197 2207 2217 2227 2237 

AOOGGOCTCT GGITICTGGG AAAGCAGGGT GGACGCIGAG GACTSAAAGA AOCXiraZACC CAGAGQGCCT 



2247 2257 2267 2277 2287 2297 2307 

GCCT3CTGCC AAGCTATOCC AGCCTSGACA GGCATOGAOC TCICTOCAGA GAGAGGAGCC TCAAGTTOGT 



2317 2327 2337 2347 2357 2367 2377 

GGGGOGGGAC AGOGIOGGCC TCATITOOOG TAAAGGTCTG CAGCCIGAGA GAOSGGAAGA GGAGGCCTCT 



2387 2397 2407 2417 2427 2437 2447 

GGAQCTSCIG C7ICIGCACIG ACAGOCTCAA GGGTCTACAC CCnU^GCTCA CXHZAAGTCCC aXTK^TOGTT 



2457 2467 2477 2487 2497 2507 2517 

TO2GAGGOGC AGAGGGGAGG oaGOCCTGC CCTCAGGAOC TCCCTCAOCT GCC3CTGATC CCAAGAGGGG 



2527 2537 2547 2557 2567 2577 2587 

GAItlMGCAC TGGCCTCIGC OCCTCCTCCT TCX2>GCACCI GCCAGAGCLT CTOCAGGAGG CX^AGC2£AG 



2597 2607 2617 2627 2637 2647 2657 

GCimDCTCA TGAAGGAAGC CATIGCACIG TCAACACIGT ACCTGCCIGC TGAACAGCCT GOCOOOGIXX 



2667 2677 2687 2697 2707 2717 2727 

AIXIXZAIGAGC C2£CATOCX7r COJTCCTCCA CTCTCCAGCC TCTOOOCAGC CICCTGCACT GAGGTOGOCT 



2737 2747 2757 2767 2777 2787 2797 

CAOCAGTOGA CTCAGGGAGC CCCTCAGOCC TGACCTICTC CIGACCIGGC CTITGACIOC CQQGAGTCGA 



2807 2817 2827 2837 2847 2857 286 7 

GTGQGOTGGG AGAACCTOCT GGGCOGOCAG CCAGAGOOGG TCTTTAGGCT GIUITCITOG OXAGCTITC 



2877 2887 2897 2907 2917 2927 2937 

TGCAICITCC ACITIGACAT TCOCAAGAGG GAAGGGACTA GTCGGAGAGA GCAAGGGAGG GGAGGGCACA 
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2947 2957 2967 2977 2987 2997 3007 

GACAGAGAGG CIACAGGGCG AGCTCIGACT GAAGATGGGC CTITCAAAIA TAGGTATCCA CCIGAGGTTC 

3017 3027 3037 3047 3057 3067 3077 

GGGGKXXJTC TCCACTCCCA CAGTCKTIT TOOCTGCTCC GSACAGGAAC CTGGGGCTCA 

3087 3097 3107 3117 3127 3137 3147 

GCAGGITATC CCSUTCAGGA GQCCTCGACT GGCCIGCKTC I^GOOOCAC CTSCATOOTA TCCAGCTOCC 

3157 3167 3177 3187 3197 3207 3217 

AltXACTTCT CZCCCTTCTF TCX^OCTCAC CTTOGTCAGC A7IGATGAOC TCX^ACICIC ACCCACCm: 



3227 3237 3247 3257 3267 3277 3287 

T\ZCACX!ATCA CCTCH&CCA GGCAAGOCAG GCT3GGAGAG CAATCAGGAG AGCCAGGOCT CAGCITCCAA 



3297 3307 3317 3327. 3337 3347 3357 

TCCCT3GAGG GCCTCCACIT TGTCGCCAGC CTGTOCT3GT GGCTCTGAGG (XTAGGCAAC GAGOGACAGG 



3367 3377 3387 3397 3407 3417 3427 

GCTCOCAGIT GCarTCGCT TCTTTICTSC TCCICTGTCC CTOCTCTOCr GOOXOCTTT GTCCICOGCT 



3437 3447 3457 3467 3477 3487 3497 

AAG££ACCCT GOCCmXTC GCCGCK5GGC OCCSIGACTT TCCCTTCCTG COC3GGAAAG TCAGGGTOGG 



3507 3517 3527 3537 3547 3557 3567 

CTCGCOOCAC CITCOCIUrc CIGA1GCOGA CAGCIT?&GG AA3GGCAOIG AACITGCATA TGGGGCTIAG 



3577 3587 3597 3607 361 7 3627 3637 

CXJITCIAGTC ACAGOCTCIA TAJTIGA2GC TAGAAAACAC ATAITTITAA A1T3GAAGAAA AATAAAAAGG 



3647 3657 3667 3677 3687 3697 3707 

gotooooct tcmocccct aoctiaaaca tataatattt taaagctcaa aaaagcaatc caacccactg 



3717 3727 3737 3747 3757 3767 3777 

CAGAAGCTCT TITIGAGCAC TIT5GIGGCAT CAGAGCAGGA GGAGCCOCAG AGCCAOCIUT GGTCTOCOCC 



3787 3797 3807 3817 3827 3837 3847 

CAGGCTACCT GCTCAGGAAC CTCITCIXJIT CIU1DGAGAAG TCAAGAGMG AGA1TOGCTC AOGCACIUIU 
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3857 3867 3877 3887 3897 3907 3917 

A^ATITIUrr TTTATACTIU GAACT3GTCA AITAJTITAT AIAAAGTCAT TIAAAIMUI ATITAAAA^ 



3927 3937 3947 3957 3967 3977 

TAGGAAGCTG CTEATATATT TAATAAIAAA ASAACT3CAC AAGCTCCOGT TCAOJCAGCr CGAG 
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